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V 

INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/EP99/10352 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1-17 as originally filed 

Claims, No.: 

1-34 as originally filed 

Drawings, sheets: 

1/2-2/2 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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VII, VIII 

1. Claims 1 - 3, 24: 

Although claims 1 - 3 and 24 have been drafted as separate independent method 
claims, they appear to relate effectively to the same subject-matter. 

Claim 1 defines a method of thawing food based on the weight of the food 
including a control unit. The method involves a first time interval wherein 
microwaves of a controlled average power are fed into the cavity, a waiting period 
controlled by the control unit wherein no microwaves are fed, a second period 
wherein microwaves of a controlled average power are fed into the cavity. 

Claim 2 defines a method of processing frozen food based on the weight of the 
food, analogue to the method of claim 1 so that the food will be thawed in less 
than a minute per 100 g of the food. However, it is considered that this thawing 
time is also arrived at in claims 1 , 3 and 24 in view of the features relating to the 
energy supplies which are defined in this latter set of claims. 

In both claims (1 and 2), during the waiting period a detection of the turning over 
of the food may be performed (see dependent claim 4). 

Claim 3 defines a method of thawing food based on the weight of the food 
analogue to the method of claim 1 wherein during the waiting period a detection of 
the turning over of the food is performed. 

Claim 24 defines a method of processing frozen food wherein microwaves are fed 
into the oven cavity at full power, a waiting period wherein no microwaves are fed, 
a second period (the duration of which is defined in terms of the first period) 
wherein microwaves are fed into the oven cavity. 

The method according to claim 24 may be based on the weight of the food and 
the power of the microwaves may be controlled (see dependent claims 26 and 
29), during the waiting period a detection of the turning over of the food may be 
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performed (see dependent claim 25). 

Consequently, the above-mentioned independent claims differ from each other 
only with regard to the definition of the subject-matter for which protection is 
sought. The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent claims 
makes it difficult, if not impossible, to determine the matter for which protection is 
sought, and places an undue burden on others seeking to establish the extent of 
the protection. 

Hence, claims 1 - 3 and 24 do not meet the requirements of Article 6 PCT. 

2. Claim 14: 

The claim starts off with a microwave oven comprising a microwave source, input 
means and a control unit. Then the claim goes on to define the characterising part 
which is directed to the control unit which is adapted in order to cause or perform 
severa | tasks. Consequently, the claim does not meet the requirements of Article 
6 PCT in that the matter for which protection is sought is not clearly defined. The 
claim attempts to define the subject-matter in terms of the result to be achieved 
which merely amounts to a statement of the underlying problem. The technical 
features necessary for achieving this result should be added. 

3. Claims 18-20: 

An analogue objection as raised for claim 14 is also valid for claims 18-20. 

4. The description: 

On page 5, lines 18 - 20 it is stated that a method according to the present 
invention always comprises steps which are mentioned in lines 20 - 27 on page 5 
(emitting a turning signal, the control unit detecting during the waiting period 
whether the foodstuff has been turned and during the second interval, microwaves 
are fed into the oven cavity only if the control unit has received a signal indicating 
that the foodstuff has been turned over). Not all the independent method claims 
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include these steps. This inconsistency between the claims and the description 
leads to doubt concerning the matter for which protection is sought, thereby 
rendering the claims unclear (Article 6 PCT). 
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THAWING METHOD IN MICROWAVE OVEN 

Field of the Invention 

The present invention relates to methods of pro- 
cessing frozen food in a microwave oven and to a micro- 
wave oven therefor. 
State of the Art 

Traditionally, frozen food has been thawed by sup- 
plying heat from its outside. One problem associated 
with this technique is that it takes a long time since 
heat is supplied to the interior of the foodstuff by 
means of heat conduction only. A further problem is that 
when a surface layer of the food has thawed it acts as an 
insulating layer since thawed food has considerably lower 
heat conductivity than frozen food. 

Microwave ovens are generally used for heating both 
thawed and frozen food. Microwave ovens heat the food by 
means of microwaves at a frequency of 2.45 GHz. Using a 
microwave oven for thawing food makes it possible to sup- 
ply energy to the central parts of the frozen foodstuff 
since the microwaves propagate through the food even 
though they decay. 

A problem associated with thawing food in microwave 
ovens is that the foodstuff may be heated unevenly so 
that some parts become extremely hot while other parts 
of the foodstuff remain frozen. This results in the thaw- 
ed food being heated and burned. 

U.S. 4,453,066 describes a method and a device for 
thawing frozen food in an oven cavity. The method is 
divided into several steps, the first of which involves 
feeding continuous microwave energy into the oven cavity, 
at a wattage of between 450 and 600 W, for a time period 
which depends on the weight of the foodstuff. The first 
step is followed by a second step during which no micro- 
wave energy is fed into the oven cavity. During the 
second step, the temperature in the foodstuff evens out. 
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In a third step, microwave energy of considerably lower 
average power is fed into the oven cavity for a time 
period which depends on the weight of the foodstuff. 

The PCT application PCT7 JP98 /00065 describes a 
method of thawing food in a microwave oven. The method 
is characterised in that the microwave energy is pulsed 
irregularly over time at least at the phase transition 
between ice and water. The average power of the micro- 
waves is low in order to avoid overheating the food. 

A problem associated with the prior art is that the 
thawing takes a fairly long time. For example, it takes 
more than 10 minutes to thaw 500 grams of minced meat by 
means of the method according to the above-mentioned U.S. 
patent. Users of microwave ovens have expressed the wish 
that thawing should be quick. Accordingly, there is a 
need for methods of thawing food in a microwave oven 
which are quicker that the present methods. At the same 
time, it is necessary to avoid hot areas in the food- 
stuff . 

Summary of the Invention 

It is an object of the present invention to provide 
quick thawing of frozen food in a microwave oven, while 
avoiding overheating certain areas of the foodstuff. 

This object is achieved by methods and a microwave 
oven exhibiting the features stated in the appended 
claims. 

A method and a microwave oven according to the 
invention relate to processing of frozen foodstuffs 
preferably weighing more than 0.1-0.2 kg . 

One basic idea of the invention is to feed as much 
microwave energy as possible into the food before the 
surface thaws . 

A starting-point for the present invention was 
the insight that the frozen foodstuff is heated partly 
because of absorbed microwave energy and partly because 
the warmer ambient air heats the surface of the food- 
stuff. 
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A further basic idea of the invention is to supply 
a great deal of high power microwave energy during two 
time intervals so that a substantial part of the food- 
stuff will be thawed by the end of the second interval. 
5 Surprisingly, it has been found possible and advan- 

tageous to supply a great deal of microwave energy over 
a short time, a considerable amount of energy thereby 
being absorbed inside the food before the surface layer 
has thawed. 

0 The microwaves have a substantially shorter depth 

of penetration in thawed food in comparison with frozen 
food. Consequently, when the surface layer has thawed it 
absorbs a large part of the incoming microwave energy, 
resulting in the heating of the surface layer. According- 

5 ly, it is important that the foodstuff be frozen when the 
thawing begins and particularly important that the sur- 
face layer of the foodstuff be frozen. 

The inventors have come to realise that, using pre- 
sent microwave ovens with uniform field distribution, it 

0 is possible to feed a great deal of microwave energy into 
the foodstuff over a short time without overheating it 
locally. 

The invention enables considerably shorter thawing 
times, especially for food weighing up to a limit weight 
5 of 0.4-0.6 kg. 

However, the invention enables a considerable time- 
saving at other weights as well. 

A microwave oven for thawing frozen food comprises 
a microwave source for generating microwaves, an oven 
0 cavity, and a control unit. 

According to one aspect of the invention, a method 
for thawing frozen food, having a weight in a range from 
a lower weight, which is 0.1-0.2 kg, to the limit weight, 
comprises the steps of 
5 providing the control unit with an input signal con- 

taining information about the weight of the foodstuff and 
preferably also about its type; 
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the control unit causing the microwave source to 
feed microwaves, having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a first time 
interval during which the total microwave energy supplied 
to the oven cavity exceeds 50 J per gram of food, prefer- 
ably exceeds 80 J per gram of food, and advantageously 
exceeds 120 J per gram of food; 

the control unit causing the microwave source to be 
shut off during a waiting period subsequent to the first 
time interval; 

the control unit causing the microwave source to 
feed microwaves, having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a second 
time interval during which the total microwave energy 
supplied to the oven cavity exceeds 40 J per gram of 
food, preferably exceeds 60 J per gram of food and 
advantageously exceeds 90 J per gram of food. 

It has been found disadvantageous from the point of 
view of thawing for the average power of the microwaves 
to be excessively high during the first and second time 
intervals- According to a preferred embodiment, the ave- 
rage power of the microwaves during the first and the 
second time intervals is a maximum of 2 kW, preferably 
a maximum of 1.5 kW, and advantageously a maximum of 
1.2 kW. 

In the light of the invention, the person skilled 
in the art will appreciate that is necessary to carry 
out experiments in order to optimise the method for a 
specific oven. Accordingly, in order to obtain an optimal 
thawing result, it may be necessary to adapt the lengths 
of the first and the second intervals to the specific 
oven to be used. 

Even when using an oven with a relatively uniform 
field distribution, it is advantageous to turn the food- 
stuff over subsequent to the first time interval in order 
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to even out the effects of any lack of spatial uniformity 
of the microwave field. By turning the food over, it is 
possible immediately to begin a new time interval during 
which high average power is fed into the oven cavity from 

5 the microwave source. 

Consequently, a method according to a preferred 
embodiment of the invention also comprises the steps of 

emitting a turning signal at the end of the first 
time interval; and 

0 the control unit detecting during the waiting period 

whether the foodstuff has been turned over. 

According to a second aspect of the invention, it 
is advantageous to turn the food over subsequent to the 
first time interval when its weight is above the limit 

5 weight in order to make it possible to supply high power 
microwaves without overheating the foodstuff. Consequent- 
ly, in connection with foodstuffs whose weight exceeds 
the limit weight a method according to the invention 
always comprises the steps of 

0 emitting a turning signal at the end of the first 

time interval; 

the control unit detecting during the waiting period 
whether the foodstuff has been turned over. During the 
second time interval, high average power microwaves are 

5 fed into the oven cavity only if the control unit has 

received a signal indicating that the foodstuff has been 
turned over. 

The signal to the oven indicating that the foodstuff 
has been turned over may, for example, be that the oven 

0 door closes, after previously having been opened. Alter- 
natively, the microwave oven may be provided with a pres- 
sure sensitive means, which is adapted to sense the 
weight of the foodstuff- When the food is being turned 
over, the pressure on the pressure sensitive means will 

5 change, thereby making it possible to detect that food 
has been turned over. It is also possible to use the 
pressure sensitive means for weighing the foodstuff. 



WO 00/42822 



PCT/EP99/10352 



6 

If the weight of the foodstuff is below the limit 
weight and it is not turned over after the first time 
interval, it is advantageous for the second time inter- 
val to begin after a predetermined waiting period. The 
waiting period allows the temperature of the food to 
become uniform. Experiments have shown that the length 
of the waiting period should preferably be 1-3 minutes 
for foodstuffs having a weight below the limit weight. 
The optimal waiting period is slightly weight dependent 
and 2 minutes is a suitable choice for weights up to the 
limit weight. 

In the case of food weighing more than the limit 
weight it is usually not possible to feed a sufficient 
amount of energy into the oven cavity during the first 
and second time intervals in order to essentially thaw 
the foodstuff without overheating it in certain places. 
In such a case, further steps are required in order to 
essentially thaw the food, in which steps microwave ener- 
gy is supplied to the foodstuff at low power. It is pos- 
sible to adapt the shape of the foodstuff in such a way 
that, even if its weight exceeds the limit weight, it 
will not burn in connection with thawing at high power. 

The limit weight for most types of food is in the 
0.4-0.6 kg range, and usually in the 0.45-0.55 kg range. 

The lengths of the two time intervals are preferably 
determined from the relation T n =k0 n +k n -W, W being the 
weight of the foodstuff and k n being a constant depending 
on inter alia the microwave power and the type of food. 
The constant k n is determined experimentally for diffe- 
rent ovens. The constant k0 n is preferably zero but may 
differ from zero for certain ovens and certain types of 
food . 

Preferred values of the microwave energy fed into 
the oven cavity during the first and the second time 
intervals for different types of food whose weight 
exceeds 0.1-0.2 kg and is below the limit weight are 
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shown in Table 1. Particularly preferred energies are 
shown in parenthesis. 



Type of food 


Energy/g (J) 
Interval 1 


Energy/g (J) 
Interval 2 


Animal 


110-160 (120-150) 


90-140 (100-120) 


Vegetable 


140-170 (150-160) 


110-140 (120-130) 



Table 1 



5 Preferred values of the microwave energy fed into 

the oven cavity during the first and the second time 
intervals for different types of food whose weight 
exceeds the limit weight are shown in Table 2 . Parti- 
cularly preferred energies are shown in parenthesis. 

10 



Type of food 


Energy/g (J) 
Interval 1 


Energy/g (J) 
Interval 2 


Animal 


110-190 (120-180) 


40-80 (50-70) 


Vegetable 


160-240 (180-220) 


50-90 (60-80) 



Table 2 



According to one aspect of the invention, a suffi- 
cient amount of energy is fed into the oven cavity to 
ensure thawing by the end of the second time interval of 

15 food having a weight up to the limit weight. In the case 
of animal and vegetable foods, this means that a total of 
more than 200 J/g and 250 J/g respectively are fed into 
the oven cavity during the first and second intervals. 
According to a further aspect of the invention, 

20 the energy is supplied during the first and second time 
intervals with sufficient power to essentially thaw 
0.1-0.6 kg of food in a time shorter than 1 minute per 
100 grams of food, preferably in a time shorter than 2/3 
of a minute per 100 grams of food. 

25 For weights above the limit value, a greater part of 

the energy is fed into the oven cavity during the first 
time interval. 

It has been found advantageous for the first time 
interval to be longer than the second one and for the 
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total energy supplied to be greater during the first 
time interval than the second time interval. However, 
it is within the scope of the invention that the total 
energy supplied during the first time interval is some- 
what smaller than the total energy supplied during the 
second time interval. 

According to a further aspect of the invention, a 
method of processing frozen food in the oven cavity of 
a microwave oven by means of microwaves supplied to the 
oven cavity comprises the steps of feeding microwaves 
into the oven cavity at essentially continuous full power 
during a first time interval, interrupting the microwave 
feed during a waiting period subsequent to the first time 
interval, feeding microwaves into the oven cavity at 
essentially full continuous power during a second time 
interval subsequent to the waiting period, the duration 
of the second time interval being greater than 1/3, pre- 
ferably greater than 1/2, of the duration of the first 
time interval, so that the food will be thawed at least 
to an essential degree by the end of the second time 
interval . 

The energy supplied to the oven cavity during the 
first time interval advantageously constitutes 50-70% of 
the total energy in the first and the second time inter- 
vals, depending upon the weight of the food. 

When the weight of the food is in a range from a 
lower weight, which is 0.1-0.2 kg, to a limit weight, 
which is 0.4-0.6 kg, the energy supplied during the 
second time interval is preferably at least about 70% and 
advantageously at least 80% of the energy supplied during 
the first time interval. 

When the weight exceeds the limit weight and turning 
has been effected, the energy supplied during the second 
time interval preferably constitutes at least about 40%, 
advantageously at least 50% of the energy supplied during 
the first time interval. 
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When the weight exceeds the limit weight, the second 
time interval is followed by a second waiting period, and 
during the time interval subsequent thereto microwaves 
are fed into the oven cavity at reduced average power for 
final thawing of the food. The energy supplied during the 
third time interval is less than about 25%, preferably 
less than 20% of the total energy supplied. 

According to a further aspect of the invention, a 
microwave oven for thawing food comprises a microwave 
source for generating microwaves, an oven cavity, input 
means for an input signal containing information about 
the foodstuff, a control unit for controlling the micro- 
wave source, which control unit is connected to the. input 
means. The control unit is adapted to calculate on the 
basis of the input signal the lengths of a first and a 
second time interval, when the weight of the foodstuff 
is in a range from a lower weight, which is 0.1-0.2 kg, 
to a limit weight, which is 0.4-0.6 kg, and to cause the 
microwave source to feed microwaves into the oven cavity 
during the first time interval at an average power of 
more than 400 W, preferably more than 600 W, and advan- 
tageously more than 800 "W, and with a total amount of 
energy exceeding 50 J per gram of food, preferably 
exceeding 80 J per gram of food, and advantageously 
exceeding 120 J per gram of food. Moreover, the control 
unit is adapted to cause the microwave source subsequent- 
ly to be shut off during a waiting period, and to cause 
the microwave source to feed microwaves into the oven 
cavity during the second time interval subsequent to the 
waiting period, at an average power of more than 400 W, 
preferably more than 600 W, and advantageously more than 
800 W, and with a total amount of energy exceeding 40 J 
per gram of food, preferably exceeding 60 J per gram of 
food, and advantageously exceeding 90 J per gram of food. 

According to the invention, the control unit is pre- 
ferably adapted to cause the microwave source to feed 
microwave energy into the oven cavity during the first 
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and the second time intervals only when the weight of the 
foodstuff is below the limit weight. 

A uniform field distribution in the microwave oven 
can be ensured in many ways . According to one embodiment 
of the present invention, a uniform field distribution is 
ensured by the oven cavity having an upwardly decreasing 
horizontal cross-section in relation to its bottom cross- 
section . 

According to one embodiment, this is ensured by one 
of the side walls sloping inwards at least at the top. 

Its vertical lower part is preferably at least 50 mm 
high and a cavity wall opposite said sloping side wall is 
provided with at least one slot opening located at the 
top for feeding of microwaves. 

In order further to improve field uniformity, the 
above features for ensuring a uniform field distribution 
in the oven cavity can be combined with one or more of 
the following features: 

the ceiling of the oven cavity being provided with a 
slot opening for feeding of microwaves, the slot opening 
extending transversely of a vertical plane in which the 
horizontal cavity width is upwardly decreasing, and 

the horizontal cross-section of the cavity having a 
depth which is about 85-120% of the width. 

A microwave with said features is described in the 
PCT application PCT/EP9 8/00553 which is herewith incorpo- 
rated by reference. 

Alternatively, according to the invention, a uniform 
field distribution in the oven cavity is ensured by pro- 
viding the microwave oven with a waveguide device for 
feeding microwave energy from the microwave source to 
the oven cavity by the intermediary of at least two feed 
ports located at distance from each other. The waveguide 
device is dimensioned for providing a certain amount of 
internal reflection, a resonance state being achieved in 
the microwave oven for microwaves generated by the micro- 
wave source. The waveguide device has a predetermined 
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quality factor which is higher than the quality factor of 
the oven cavity for any given current. 

U.S. 5,237,139 describes in more detail an oven hav- 
ing said features ensuring a uniform field distribution 
in the oven cavity independently of the load in the oven 
cavity. Said U.S. patent is herewith incorporated by 
reference . 

It is advantageous to combine the features of the 
above-mentioned patent specifications . 

The input signal containing information about the 
weight of the foodstuff may, for example, consist of an 
inputting of the weight. In a simpler design, the input 
signal consists of a choice of one of several predeter- 
mined programs. The function of the input signal is to 
serve as a basis for an adjustment of the time interval. 

The microwave energy is fed into the oven cavity in 
the form of pulses or preferably continuously. 

It is advantageous for the food to rotate when 
microwaves are fed from the microwave source since this 
means that any lack of uniformity in the microwave field 
in the foodstuff will even out over time. 

If the foodstuff is rotated it is advantageous for 
the microwave energy to be fed into the oven cavity con- 
tinuously in order to avoid any lack of uniformity in the 
microwave field coacting with the periods without micro- 
waves, thereby causing uneven heating. 

Naturally, the various aspects described above can 
be combined in the same embodiment. 

Exemplifying embodiments of the invention will be 
described below with reference to the accompanying draw- 
ings . 

Brief Description of the Drawings 

Fig. 1 shows a microwave oven according to an embo- 
diment of the present invention. 

Fig. 2 is a chart showing microwave power as a func- 
tion of time when thawing 500 grams of frozen minced meat 
according to a preferred embodiment of the present inven- 
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tion, wherein the food is turned over subsequent to the 
first time interval. 

Fig. 3 is a chart showing microwave power as a func- 
tion of time when thawing 500 grams of frozen minced meat 
5 according to an alternative embodiment of the present 

invention, wherein the food is not turned over subsequent 
to the first time interval. 

Fig. 4 is a chart showing microwave power as a func- 
tion of time when thawing 1000 grams of frozen minced 

10 meat according to a preferred embodiment of the present 
invention, wherein the food is turned over subsequent to 
the first time interval. 

Fig. 5 schematically shows a vertical cross-section 
of a microwave oven according to a preferred embodiment 

15 of the present invention. 

Description of Preferred Embodiments 

Fig. 1 shows a microwave oven 1 according to a pre- 
ferred embodiment of the present invention. The oven has 
an oven cavity 2, a microwave source 3 for generating 

20 microwaves at 2.45 GHz, an input means 4 for inputting 
the weight and type of the foodstuff, a control unit 5 
for controlling the microwave source, and a load zone 
with a rotary plate 6 for the foodstuff as well as open- 
ings 7 for feeding the microwaves. The oven is also pro- 

25 vided with a door contact 8 for checking whether the door 
is closed. 

Fig. 2 shows microwave power P as a function of time 
t when thawing 500 grams of minced meat in the Talent 
model microwave oven from Whirlpool, which feeds a maxi- 

30 mum of 1 kW of microwave power into the oven cavity, 

according to a preferred embodiment of the present inven- 
tion. The oven is provided with a control program accord- 
ing to the invention. The temperature of the minced meat 
is -18°C at the time 0 in the chart. The weight and the 

35 type of food are inputted to the input means 4 which is 
connected to the control unit 5. The thawing is carried 
out in three steps. In the first step, full microwave 
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power is fed from the microwave source during a first 
time interval 9. The control unit calculates the length 
of the time interval with the aid of the weight and type 
of the foodstuff. The first time interval is calculated 

5 using the formula Ti=k0 1 + ki-W / the constant kOi in this 

case being zero, ki being a constant which depends on the 
type of food and the power of the microwave oven, and W 
being the weight of the foodstuff- In the case of minced 
meat weighing 500 g a suitable value of the constant ki 

0 for the Talent oven is 0.13 s/g. Consequently, for 
500 grams of minced meat, the first time interval is 
65 seconds. This means that the microwave source has fed 
0.13 kJ per gram of minced meat into the oven cavity. At 
the end of the first time interval 10, the control unit 

5 of the microwave oven emits a turning signal indicating 
that the food should be turned over. When the oven door 
closes at the time 11 the second time interval 12 begins, 
during which the microwave source feeds the oven cavity 
at full power. The length of the second time interval is 

0 calculated using the formula T 2 =k0 2 +k 2 *W, the constant k0 2 
in this case being zero, and k 2 being a constant which 
depends on the type of food and the power of the micro- 
wave oven. In the case of minced meat weighing a maximum 
of 500 g, experiments have shown that a suitable value 

5 of k 2 is 0.1 s/g for the Talent oven and, consequently, 
the second time interval is 55 seconds for 500 grams of 
minced meat. This means that the microwave source has fed 
0.1 kJ per gram of minced meat into the oven cavity. If 
the food was turned over as soon as the signal was emit- 

0 ted, the entire thawing process will have taken just over 
2 minutes. The food is then essentially thawed. 

Fig. 3 shows microwave power P as a function of time 
t when thawing 500 grams of minced meat according to an 
alternative embodiment of the present invention, wherein 

5 the foodstuff is not turned over subsequent to the first 
step. The weight and type of the foodstuff are inputted 
to the input means in the same way as in the previous 
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example. The thawing is carried out in three steps. In 
the first step 13, full microwave power is fed from the 
microwave source during 65 s in accordance with the embo- 
diment described above. After the first time interval, 
the microwave oven emits a turning signal at the time 14 
indicating that the foodstuff should be turned. Subse- 
quent to a predetermined 120 second waiting period 15, 
during which no microwaves are fed into the oven cavity, 
the microwave source begins feeding full power into the 
oven cavity during a second time interval 16. The waiting 
period allows the temperature of the food to become uni- 
form. Consequently, subsequent to the waiting period, it 
is again possible to feed microwaves into the oven cavity 
at full power. The length of the second time interval is 
calculated using the formula T2=k02 + k2*W, the constant 
k02 in this case being zero, k 2 being a constant which 
depends on the type of food and the power of the micro- 
wave oven. In the case of minced meat, a suitable value 
of k2 is 0.1 and, consequently, the second time interval 
is 55 seconds for 500 grams of minced meat. 

Experiments have shown that when thawing minced meat 
it is possible to use the same constants in the expres- 
sions of the lengths of the time intervals both when the 
minced meat is turned over and when it is not turned over 
subsequent to the first time interval. 

However, the temperature only becomes sufficient- 
ly uniform if the weight of the food is below a maximum 
value. Experiments have shown that this maximum value 
is typically 500 grams for minced meat in the oven men- 
tioned above. In the case of other foodstuffs, said maxi- 
mum value is up to 0.6 kg. For weights exceeding said 
maximum value it is thus advantageous for the food to be 
turned over after the first time interval. This makes it 
possible to feed full power into the oven cavity during 
the second time interval without overheating the food. 

Fig. 4 shows microwave power P as a function of time 
t when thawing 1000 grams of minced meat, in a Talent 
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oven from Whirlpool, according to a preferred embodiment 
of the present invention. The weight and type of the 
foodstuff are inputted to the input means which is con- 
nected to the control unit. The thawing is carried out 

5 in five steps. In the first step, full microwave power 

is supplied from the microwave source during a first time 
interval 17. The control unit calculates the length of 
the thawing time interval with the aid of the weight and 
type of the foodstuff. The first time interval is calcu- 

0 lated using the formula Ti=k0i + ki * W, the constant kOi in 
this case being zero, ki being a constant which depends 
on the type of food and the power of the microwave oven, 
and W being the weight of the foodstuff. In the case 
of minced meat a suitable value of the constant ki is 

5 0.16 s/g when the weight is 1000 g. Consequently, for 
1000 grams of minced meat, the first time interval is 
160 seconds. This is equivalent to the microwave source 
having supplied 0.16 kJ per gram of minced meat. After 
the first time interval, the microwave oven emits a turn- 

0 ing signal at the time 18 indicating that the foodstuff 
should be turned over. When the oven door closes at the 
time 19 subsequent to the foodstuff being turned over, 
the second time interval 20 begins during which the 
microwave source feeds the oven cavity at full power. 

5 The length of the second time interval is calculated 
using the formula T 2 =k0 2 + k 2 • W, the constant k0 2 in this 
case being zero, and k 2 being a constant which depends 
on the type of food and the power of the microwave oven. 
In the case of minced meat, a suitable value of k 2 is 

0 0.05 s/g for 1000 grams of minced meat and, consequently, 
the second time interval is 50 seconds for 1000 grams of 
minced meat. This is equivalent to the microwave source 
having supplied 0.05 kJ per gram of minced meat. 

After the second time interval, the meat is not com- 

5 pletely thawed. Subsequent to the second time interval, 
the temperature of the meat is allowed to become uniform 
during a second waiting period 21. The length of the 
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second waiting period is determined from the relation 
T v =k0 v +k v -W, W being the weight of the foodstuff, k0 v 
being a constant which is usually zero, and k v being a 
constant depending on inter alia the microwave power and 

5 the type of food. In the case of minced meat, 0.25 is a 
suitable value of k v/ which for 1000 g of minced meat 
results in a waiting period of 250 s. Subsequently, 
microwaves having an average power of 160 W are fed into 
the oven cavity during a third time interval 22 which is 

0 determined from the expression T 3 =k0 3 +k 3 *W, the constant 
k0 3 being zero, W being the weight of the foodstuff in 
grams, and k 3 depending on the type of food and the ave- 
rage power from the microwave source. In Fig. 4, the 
power is constant during the third time interval but 

5 suitable average power can be achieved in the conven- 
tional way by pulsing the microwave source in a suitable 
manner. For 1000 grams of minced meat, 0.4 is a suitable 
value of k 3 . The average power is determined experimen- 
tally for each oven so that the food will not burn. In 

0 the case of the Talent oven, experiments have shown that 
the average power should be below 400 W. 

The values of the constants k n depend on the weight 
of the food, the power of the microwave source, and the 
type of food. The water content of the foodstuff is an 

5 essential parameter for k n . With respect to the Talent 

oven, suitable values of ki are in the 0.11-0.17 s/g range 
for animal and vegetable foodstuffs, when the weight of 
the foodstuff is at least below 0.6 kg. This corresponds 
to feeding between 110 and 170 J per gram of food into 

0 the oven cavity. Experiments have shown that suitable 

values of k 2 for the Talent oven are in the 0.09-0.14 s/g 
range for animal and vegetable foodstuffs, when the 
weight of the foodstuff is at least below 0.6 kg. This 
corresponds to feeding between 90 and 140 J per gram of 

5 food into the oven cavity. The values indicated are guid- 
ing values only. The person skilled in the art will 
appreciate that the values of the constants should be 
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determined experimentally for each type of oven and for 
each type of food. 

Fig. 5 schematically shows a cross-section of the 
oven in Fig. 1 according to a preferred embodiment of 
5 the present invention for providing a uniform electrical 
field distribution. The oven cavity is provided with a 
side wall 23, the upper part of which slopes inwards 
forming an angle of about 3° to vertical so that the 
horizontal cross-section of the oven cavity decreases 

10 vertically from the bottom 25 of the oven cavity. The 
cavity is essentially rectangularly parallelepipedal 
since the angle of the sloping wall is so small. The 
vertical part of the side wall is 50 nun high. The oven is 
provided with a rotary plate 6 for the food 26. The side 

15 opposite the sloping side wall is provided with two 

feeding slots located at a distance from each other. The 
microwave source 3 is adapted to feed microwaves into a 
waveguide device 27 which is integral with the oven 
cavity. The waveguide device is defined by the wall 28 

20 and the outer wall 29 of the oven cavity. The waveguide 
is adapted to be resonant to microwaves at 2.45 GHz. The 
Figure also shows a weighing means 30 arranged between 
the rotary plate and the bottom of the oven cavity. 

The skilled person will appreciate that there are 

25 many possible variants of the described embodiments with- 
in the scope of the invention. 
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CLAIMS 

1. A method of thawing frozen food in a microwave 
oven (1) comprising a microwave source (3), an oven 
cavity (2), and a control unit (5), the weight of the 
foodstuff being in a range from a lower weight, which 
is 0.1-0.2 kg, to a limit weight, which is 0.4-0.6 kg, 
which method comprises the steps of 

providing the control unit (5) with an input signal 
containing information about the weight of the foodstuff, 
for controlling the thawing; 

the control unit causing the microwave source to 
feed microwaves having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity (2) during a first 
time interval (9, 13) during which the total microwave 
energy supplied to the oven cavity exceeds 50 J per gram 
of food, preferably exceeds 80 J per gram of food, and 
advantageously exceeds 120 J per gram of food; 

the control unit causing the microwave source to be 
shut off during a waiting period subsequent to the first 
time interval; and 

the control unit causing the microwave source to 
feed microwaves, having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a second 
time interval (12, 16) during which the total microwave 
energy supplied to the oven cavity exceeds 4 0 J per gram 
of food, preferably exceeds 60 J per gram of food, and 
advantageously exceeds 90 J per gram of food. 

2. A method of processing frozen food in a micro- 
wave oven (1) comprising a microwave source (3), an oven 
cavity (2), and a control unit (5), the weight of the 
foodstuff being in a range from a lower weight, which is 
0.1-0.2 kg, to a limit weight, which is 0.4-0.6 kg, which 
method comprises the steps of 
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providing the control unit (5) with an input signal 
containing information about the weight of the foodstuff, 
for controlling the processing; 

the control unit causing the microwave source (3) 
5 to feed microwaves, having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a first time 
interval (9, 13 ) ; 

the control unit causing the microwave source (3) to 
0 be shut off during a waiting period; and 

the control unit causing the microwave source (3) 
to feed microwaves having an average power of more than 
400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a second 
5 time interval (12, 16), the total energy supplied during 
the first and the second time intervals and the lengths 
of the time intervals being chosen so that the food will 
be essentially thawed in less than 1 minute per 100 g of 
food. 

0 3. A method of thawing frozen food in a microwave 

oven (1) comprising a microwave source (3), an oven cavi- 
ty (2), and a control unit (5), the weight of the food- 
stuff exceeding a limit weight in the range 0.4-0.6 kg, 
which method comprises the steps of 

5 providing the control unit (5) with an input signal 

containing information about the weight of the foodstuff, 
for controlling the thawing; 

the control unit causing the microwave source to 
feed microwaves, having an average power of more than 

0 400 W, preferably more than 600 W, and advantageously 
more than 800 W, into the oven cavity during a first 
time interval (17) during which the total microwave 
energy supplied to the oven cavity exceeds 50 J per gram 
of food, preferably exceeds 80 J per gram of food, and 

5 advantageously exceeds 120 J per gram of food; 
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the microwave oven emitting a turning signal at the 
end of the first time interval, indicating that the food- 
stuff should be turned over; 

the control unit causing, subsequent to the first 

5 time interval, the microwave source to be shut off during 
a waiting period, during which the control unit detects 
that the foodstuff has been turned over; and 

the control unit subsequently causing the microwave 
source to feed microwaves, having an average power of 

0 more than 400 W, preferably more than 600 W, and advan- 
tageously more than 800 W, into the oven cavity during 
a second time interval (20) during which the total micro- 
wave energy supplied to the oven cavity exceeds 4 0 J per 
gram of food, preferably exceeds 60 J per gram of food, 

5 and advantageously exceeds 90 J per gram of food. 

4. A method according to claim 1 or 2, char- 
acterised by the additional steps of 

the microwave oven (1) emitting a turning signal at 
the end of the first time interval, indicating that the 
0 foodstuff should be turned over; and 

the control unit (5) detecting during the waiting 
period whether the foodstuff has been turned over, the 
microwave source (3) feeding microwaves into the oven 
cavity (2) during the second time interval depending 
5 upon whether the foodstuff has been turned over. 

5. A method according to claim 3 or 4, char- 
acterised in that the second time interval begins 
at the time of the first of the following occurrences : 

the time from the emission of the turning signal is 
0 longer than a predetermined waiting period, or 

the control unit receives a signal indicating that 
the foodstuff has been turned over. 

6. A method according to any one of the preceding 
claims, characterised in that the first time 

5 interval is longer than the second time interval. 

7 . A method according to any one of the preceding 
claims, characterised by 



WO 00/42822 



PCT/EP99/I0352 



21 

feeding continuous and preferably maximum microwave 
energy into the oven cavity during the first and the 
second time intervals. 

8 . A method according to any one of the preceding 
5 claims, characterised by the steps of 

providing the control unit (5) with an input signal 
containing information about the type of foodstuff; and 

the control unit also controlling the length of the 
first and the second time intervals depending upon the 
type of foodstuff. 

9. A method according to any one of the preceding 
claims, characterised by rotating the food- 
stuff when microwave energy is fed from the microwave 
source . 

10. A method according to claim 1, charac- 
terised in that the foodstuff is animal; 

that the total microwave energy supplied during the 
first time interval (9, 13) is 110-160 J/g of food and 
preferably is 120-150 J/g of food; and 

that the total microwave energy supplied during the 
second time interval (12, 16) is 90-130 J/g of food and 
preferably is 100-120 J/g of food. 

11. A method according to claim 3, charac- 
terised in that the foodstuff is animal; 

that the total microwave energy supplied during the 
first time interval (17) is 110-190 J/g of food and pre- 
ferably is 120-180 J/g of food; and 

that the total microwave energy supplied during the 
second time interval (20) is 40-80 J/g of food and pre- 
ferably is 50-70 J/g of food. 

12. A method according to claim 1, charac- 
terised in that the foodstuff is vegetable; 

that the total microwave energy supplied during the 
first time interval (9, 13) is 140-170 J/g of food and 
preferably is 150-160 J/g of food; and 



WO 00/42822 



PCT/EP99/10352 



22 

that the total microwave energy supplied during the 
second time interval (12, 16) is 110-140 J/g of food and 
preferably is 120-130 J/g of food. 

13. A method according to claim 3, charac- 
terised in that the foodstuff is vegetable; 

that the total microwave energy supplied during the 
first time interval (9, 13) is 160-240 J/g of food and 
preferably is 180-220 J/g of food; and 

that the total microwave energy supplied during the 
second time interval (12, 16) is 50-90 J/g of food and 
preferably is 60-80 J/g of food. 

14. A microwave oven for thawing food, which micro- 
wave oven (1) comprises 

a microwave source (3) for generating microwaves, 
an oven cavity (2), 

input means (4) for an input signal containing 
information about the food, 

a control unit (5) for controlling the microwave 
source, which control unit is connected to the input 
means, which microwave oven is characterised 
in that the control unit is adapted 

to calculate the lengths of a first and a second 
time interval on the basis of the input signal; 

to cause the microwave source to feed microwaves 
into the oven cavity during the first time interval (9, 
13, 17) at an average power of more than 400 W, prefer- 
ably more than 600 W, and advantageously more than 800 W, 
and with a total energy which exceeds 50 J per gram of 
food, preferably exceeds 80 J per gram of food, and 
advantageously exceeds 120 J per gram of food; 

to cause the microwave source to be shut off during 
a waiting period; and 

to cause the microwave source to feed microwaves 
into the oven cavity during the second time interval (12, 
16, 20) , at an average power of more than 400 W, prefer- 
ably more than 600 W, and advantageously more than 800 W, 
and with a total energy which exceeds 40 J per gram of 
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food, preferably exceeds 60 J per gram of food, and 
advantageously exceeds 90 J per gram of food. 

15. A microwave oven according to claim 14, 
characterised in that the microwave oven is 

5 adapted 

to emit a turning signal at the end of the first 
time interval, containing information indicating that the 
foodstuff should be turned over; and 

to detect whether the foodstuff has been turned over 
0 during the waiting period. 

16. A microwave oven according to claim 14 or 15, 
characterised in that said input means is pro- 
vided with one entry for the weight of the foodstuff and 
one entry for the type of food. 

5 17 . A microwave oven according to claim 14, 15 or 

16, characterised in that it also comprises a 
rotary plate for rotating the foodstuff in the load zone. 

18. A microwave oven according to claim 14, 15, 16, 
or 17, characterised in that the control 

0 unit is adapted to cause the microwave source to feed 
microwave energy into the oven cavity during the first 
and the second time intervals only when the weight of 
the foodstuff is in a range from a lower weight, which 
is 0.1-0.2 kg, to a limit weight, which is 0.4-0.6 kg. 

5 19. A microwave oven according to claims 14-18, 

characterised in that the control unit is 
adapted to cause the microwave source to feed micro- 
waves into the oven cavity during a third time inter- 
val (22) subsequent to a second waiting period when the 

0 weight of the foodstuff exceeds a limit weight in the 
range 0.4-0.6 kg. 

20. A microwave oven according to claims 14-18, 
characterised in that, when the weight of the 
foodstuff is in a range from a lower weight, which is 

5 0.1-0.2 kg, to a limit weight, which is 0.4-0.6 kg, the 
microwave oven is adapted to emit a sufficient amount of 
microwave energy to essentially thaw the foodstuff in 
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less than 1 minute per 100 g of food from the beginning 
of the first time interval. 

21. A microwave oven according to claims 14-20, 
characterised in that the oven cavity has an 

5 upwardly decreasing horizontal cross-section in relation 
to its bottom cross-section at least in the upper part 
of the cavity, so that a uniform distribution of the 
electric field in the cavity is obtained. 

22. A microwave oven according to claims 14-21, 

0 characterised in that the oven cavity (2) has 
a side wall (23) which slopes inward at least at the top 
(24) . 

23. A microwave oven according to claims 14-22, 
characterised in that it is provided with a 

5 waveguide device (27) for feeding microwave energy from 
the microwave source to the oven cavity through at least 
two feed openings (7) located at a distance from each 
other, which waveguide device is dimensioned for provid- 
ing a certain amount of internal reflection, a resonance 

0 state being achieved in the waveguide device for micro- 
waves generated by the microwave source, the waveguide 
device having a predetermined quality factor which is 
higher than a quality factor of the oven cavity for any 
given current. 

5 24. A method of processing frozen food in the oven 

cavity of a microwave oven by means of microwaves sup- 
plied to the oven cavity, which method comprises the 
steps of 

feeding microwaves into the oven cavity at essen- 
0 tially full continuous power during a first time inter- 
val (9, 13, 17); 

interrupting the feeding of microwaves during a 
waiting period, subsequent to the first time interval; 
feeding microwaves into the oven cavity at essen- 
5 tially full continuous power during a second time inter- 
val (12, 16, 20), subsequent to the waiting period, the 
duration of the second time interval being greater than 
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1/3, preferably greater than 1/2, of the duration of the 
first time interval, so that the food will be thawed at 
least to an essential degree by the end of the second 
time interval . 

5 25. A method according to claim 24, charac- 

terised by the additional steps of 

emitting a turning signal at the end of the first 
time interval, indicating that the foodstuff should be 
turned over; and 
10 detecting that foodstuff has been turned over and 

shortening the waiting period by immediately beginning 
the second time interval . 

26. A method according to claim 24 or 25, char- 
acterised in 

15 that the weight of the foodstuff is in a range from 

a lower weight, which is 0.1-0.2 kg, to the limit weight, 

which is 0.4-0.6 kg; and 

that the energy supplied during the second time 

interval (12, 16) is at least about 70% and preferably 
20 at least 80% of the energy supplied during the first time 

interval (9, 13) . 

27. A method according to claim 26, charac- 
terised in that no additional microwave energy is 
supplied to the oven cavity subsequent to the second time 

25 interval (12, 16) . 

28. A method according to claim 26 or 27, char- 
acterised in that the total duration of the first 
time interval, the waiting period, and the second time 
interval is less than about 1 minute per 0.1 kg of food. 

30 29. A method according to any one of claims 26-28, 

characterised in 

that the microwave power supplied to the oven cavi- 
ty is at least 400 W, preferably at least 600 W, and most 
preferably 800 W; 

35 that the total microwave energy supplied to the oven 

cavity during the first time interval exceeds 50 J per 
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gram of food, preferably exceeds 80 J per gram of food, 
and advantageously exceeds 120 J per gram of food; and 

that the total microwave energy supplied to the oven 
cavity during the first time interval exceeds 40 J per 
5 gram of food, preferably exceeds 60 J per gram of food, 
and advantageously exceeds 90 J per gram of food. 

30. A method according to claim 25, charac- 
terised in 

that the weight of the foodstuff is greater than a 
10 limit weight which is 0.4-0.6 kg; 

that the energy supplied during the second time 
interval is at least about 40%, preferably at least 50% 
of the energy supplied during the first time interval; 
that the second time interval is followed by a 
15 second waiting period; and 

that, during a third time interval subsequent there- 
to, microwaves are fed into the oven cavity at reduced 
average power for final thawing of the food. 

31. A method according to claim 30, c h a r a c - 
20 terised in that the energy supplied during the 

third time interval is less than about 25%, preferably 
less than 20% of the total energy supplied. 

32. A method according to claim 30 or 31, char- 
acterised in that the average power of the micro- 

25 waves supplied to the oven cavity during the third time 
interval is at least lower than 400 W. 

33. A method according to any one of claims 30-32, 
characterised in 

that the microwave power supplied to the oven cavi- 
30 ty during the first and the second time intervals is at 
least 400 W, preferably at least 600 W, and most prefer- 
ably at least 800 W; 

that the total microwave energy supplied to the oven 
cavity during the first time interval exceeds 50 J per 
35 gram of food, preferably exceeds 80 J per gram of food, 
and advantageously exceeds 120 J per gram of food, and 
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that the total microwave energy supplied to the oven 
cavity during the first time interval exceeds 40 J per 
gram of food, preferably exceeds 60 J per gram of food, 
and advantageously exceeds 90 J per gram of food. 
5 34. A method according to any one of claims 30-33, 

characterised in that the waiting time of the 
second waiting period depends on the weight of the food. 
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